A factorial experiment (3×2) was carried out to study the effects of weaning age (at 4 and 5 weeks old) and dietary β-pro supplementation () 0.0, 0.02 and 0.04%) on growth and carcass traits in fattening rabbits. Seventy two unsexed New Zealand White (NZW)× Californian (CAL) rabbits, weaned at 4 or 5 weeks old, were randomly distributed into six equal groups of four replications, each contained three rabbits. Three experimental diets were fortified with three levels of β-Pro (0.0, 0.02 and 0.04%) and formulated to meet the nutrient requirements of growing rabbits. Rabbits of each replication were weighed, kept in a battery cage, fed their respective experimental diet and managed similarly during the duration of this study. Deaths was monitored and registered daily. Weekly records on live body weight (LBW) and feed intake (FI) were maintained on a replicate group basis, and thus, body weight gain (BWG) and feed conversion ratio (FCR) were estimated. The efficiency of protein (PER) and energy utilization (EEU) and economic efficiency of feeding (EEF) were calculated for the whole experimental period. Some carcass traits were also determined. The results obtained could be summarized as follows: No mortality was observed in the experimental rabbits during this feeding trial. Regardless of dietary β-pro supplementation, delaying weaning age to 5 weeks significantly increased (P≤0.01) total FI and final LBW of rabbits compared with those of rabbits that were weaned at 4 weeks old. Dietary supplementation with β-pro failed to significantly affect the final LBW of rabbits but caused a significant (P≤0.01) increase in total FI and when the level of its addition reached 0.04% total BWG improved significantly(P≤0.01), irrespective of weaning age. Neither weaning age nor dietary β-pro supplementation could significantly alter FCR, PER, EEU or EEF during this study. The interactions between weaning age and dietary β-pro supplementation were not significant (P>0.05) for all growth performance criteria, except for the total FI the interaction was significant (P≤0.01). Carcass traits of rabbits were not affected by weaning age, dietary β-pro supplementation or the interactions between them. Based on the present results, delaying weaning of rabbits to 5 weeks old along with addition of 0.04% β-pro to their diets are recommend to achieve better growth performance, with no adverse effects on carcass traits.
INTRODUCTION
It is well known that rabbits are categorized as hindgut fermentors according to the site of microbial fermentation in their digestive systems (Moore, 2017) . In rabbits, cecum is the main site of microbial fermentation (Carabano et al., 2010) . Owing to the high energy requirements of rabbits they possess unique behavioral and adaptive mechanisms. These mechanisms include high rates of voluntary feed intake, feeding frequency, digestion and utilization of the non-fibrous carbohydrates, elimination of the indigestible lignified feed materials, and pushing the fibrous materials that can be digested by microorganisms to the cecum where they are broken down, and thus the nutrients become available via microbial fermentation (McNitt et al., 2013; Moore, 2017) . In addition, Gidenne et al. (2010) demonstrated that the behavior of cecotrophy (the ingestion of soft feces of cecal origin) potentiates the importance of microbial digestion in the cecum for nutrient utilization. According to Carabano et al. (2010) , the major age-related changes in the morphological and developmental maturation of the digestive organs in young rabbits are considered to be relevant to the transition period from suckling to solid feeding. They also stated that high solid-feed intake in this critical period is positively correlated with rabbit growth performance and survivability during the growing period. It seems that weaning has a beneficial effect on the maturation of the cecum. In this regard, early weaning has been reported to increase the weight of the digestive organs and their contents, stimulate the microbial colonization, elevate the fermentative activity and hasten the maturation of gut-associated lymphoid tissue (Carabano et al., 2008; Kovacs et al., 2008) .
When young rabbits are under stress such as during the weaning period some digestive disorders may occur (McNitt et al., 2013; Moore, 2017) . Under such stressful situations, the supplementation with probiotics for rabbits would be beneficial to encourage the growth and proliferation of certain strains of beneficial bacteria in the gastrointestinal tract at the expense of less desirable ones (Sharma et al., 2016) . Probiotic supplementation has been found to improve the growth rate and the efficiency of feed utilization in rabbits (Amber et al., 2014; Ren et al., 2016; Bhatt et al.; 2017; Lam Phuoc and Jamikorn, 2017; Sherif, 2018) . Other studies, however, showed no positive effects of probiotics on growth performance of rabbits (Ewuola et al., 2011; Shrivastava et al., 2012; Fathi et al., 2017) .
On the other side, exogenous feed enzymes may improve growth performance, as reported by some authors (Onu and Oboke, 2010; Abaza and Omara, 2011; Attia et al., 2012) . Such beneficial effects induced by supplemental enzymes could be attributable to an alteration in certain characteristics of gut morphology, an elevation in activity of the digestive enzymes or both; and thus, improving the rates of nutrient digestion and utilization. Other investigators observed no positive effects to enzyme supplements on performance of fattening rabbits (García-Palomares et al., 2006; Garcia-Ruiz et al., 2006; ElSagheer and Hassanein, 2014) . Therefore, the purpose of this study was to evaluate the effects of weaning age and dietary supplementation with Beta-Pro (a mixture of probiotics and enzymes) on growth performance and carcass characteristics of New Zealand White × Californian rabbits.
MATERIALS AND METHODS
The present experiment was carried out at the Rabbit Research Unit, belonging to the Center of Agricultural Researches and Experiments, Faculty of Agriculture, Mansoura University, from December, 2015 to February, 2016. The purpose of study was to evaluate the effects of weaning age and dietary supplementation with β-Pro (a combined mixture of probiotics and enzymes) on growth performance and carcass traits of New Zealand White × Californian rabbits.
Housing system of rabbits:
Seventy two unsexed New Zealand White (NZW)× Californian (CAL) rabbits, weaned at two different ages (4 and 5 weeks old), were randomly distributed into six treatment groups of four equal replications. Within each weaning age, the initial live body weights in all groups of rabbits were approximately similar. Each replicate group of rabbits were housed in a galvanized-wire cage with dimensions of 44 cm width, 35 cm height and 53 cm depth. Each battery cage was fitted with a feeder and an automatic nipple drinker. All cages were set up in an open-sided wellventilated rabbitry.
Experimental diets and management:
Three experimental diets were formulated and processed as pellets to meet the nutrient requirements of growing rabbits, as recommended by the National Research Council (NRC, 1977) . A basal diet composed mainly of alfalfa hay, wheat bran, barley grain, soy bean meal and yellow corn, without any supplement, was used as a control. Other two diets were formulated using the same feed components but fortified with β-Pro at levels of 0.02 or 0.04%. Composition and calculated analysis of the experimental diets are shown in Table 1 . All groups of rabbits were fed their respective diets and exposed to the same environmental, managerial and hygienic conditions and had free access to feed and fresh water throughout the experimental period for eight weeks. 
Growth performance of rabbits:
The growth performance of rabbits, as affected by weaning age and dietary supplementation with β-Pro (probiotics plus enzymes) throughout the fattening period, was examined in terms of feed intake (FI), live body weight (LBW), body weight gain (BWG), feed conversion ratio (FCR), mortality rate, protein efficiency ratio (PER), efficiency of energy utilization (EEU) and economic efficiency of feeding (EEF). Live body weights of each replicate group of rabbits were estimated at the start of feeding trial and on a weekly basis thereafter. Feed intake and body weight gain of rabbits were also determined weekly on a replicate group basis. Thus, feed conversion ratio was calculated weekly on a replicate group basis as the quantity of feed eaten per unit of BWG. The PER was calculated as crude protein intake (g) divided by BWG (g).
The EEU was estimated as: digestible energy intake (kcal) ÷ BWG (g). The EEF was calculated as:
100 [(sale price per total gain -total feed cost) / total feed cost].
Deaths of rabbits was monitored and recorded daily.
Carcass characteristics:
At the end of the study, four rabbits per treatment were randomly chosen and fasted for 18 hours. Just after recording the live body weights (LBW), rabbits were slaughtered according to the Islamic method of sacrifice, skinned and eviscerated. The weights of carcass yield (CY), liver (LI), heart (HE), kidneys (KI), total giblets (GI) and perirenal fat (PF) were determined on a hot carcass weight basis for each rabbit. The total edible parts were calculated as CY plus total GI (i.e. the sum of liver, heart and kidneys weights). The percentages of carcass yield, liver, heart, kidneys, total giblets, total edible parts (dressing-out percentage) and perirenal fat were also calculated.
Statistical analysis:
In this study, a completely randomized design was used. Six experimental treatments were arranged factorially (2×3); two weaning ages (28 or 35 days old) by three levels of added dietary β-Pro (0.0, 0.02 and 0.04%). Data were statistically processed by a two-way analysis of variance using the procedures of SAS (SAS, 2006) , with P≤0.05 considered to be significant. According to this program, significant differences among means of different variables were identified.
RESULTS AND DISCUSSION

Growth performance of rabbits:
It is interesting to note that no deaths occurred in the experimental rabbits during the feeding trial in this study. The effects of weaning age and dietary β-pro supplementation on the growth performance of fattening NZW×CAL rabbits are presented in Table 2 .
Effect of weaning age:
From Table 2 , it was observed that rabbit kits weaned at 4 weeks old consumed significantly less feed (P≤0.01) and had lower (P≤0.01) final LBW than those weaned at 5 weeks of age, regardless of the effect of added dietary β-pro. supplementation. However, cumulative means of BWG, FCR, PER, EEU and EEF of rabbits were not significantly affected (P>0.05) by weaning age. The heavier LBW achieved by kits weaned at 5 weeks of age could be attributed mainly to their higher milk and solid feed consumption coincided with more developed digestive system than did those weaned at 4 weeks old. : Refer to cumulative feed intake, body weight gain, feed conversion ratio, protein efficiency ratio, efficiency of energy utilization, economic efficiency of feeding and standard error of the means, respectively.
Owing to the similarity between rabbit kits weaned at 4 or 5 weeks of age in total BWG, the higher total FI of the latter led to insignificantly inferior means of FCR, PER and EEU compared with those of the former. The insignificant differences in the EEF of rabbits between the two weaning ages, in the present study, are mainly due to the fact that they achieved approximately similar total BWG and thus similar total revenue, with slight differences in total feed cost between the two groups of rabbits.
The superior final LBW of kits weaned at 5 weeks old to those weaned at 4 weeks of age, found in this study, harmonizes with the finding of El-Sabrout and Aggag (2017) that market weight of rabbits (63 days old) was significantly lower when rabbits were weaned at 23 days old than that of rabbits weaned at 28 or 33 days of age. Similar results were obtained by Kovacs et al. (2008) , Bivolarski et al. (2011) , Salama et al. (2015) and Gabr et al. (2017) , who observed that early weaning caused a significant reduction in body mass of rabbits as compared to that of normally weaned ones. The lack of effect of weaning age on most criteria of growth performance, observed herein, was also observed by other investigators (Zita et al., 2007; Zita et al., 2012; Obike et al., 2014) .
Effect of dietary β-pro supplementation:
As given in Table 2 , dietary supplementation with β-pro (a mixture of probiotics and enzymes) significantly increased total FI (P≤0.01) of rabbits compared with their control counterparts, independently from the effect of weaning age. Similarly, the high dose of the feed supplement (0.04%) caused a significant (P≤0.05) improvement (11.5%) in total BWG of rabbits compared with the control group. But the total BWG of rabbits fed the diet supplemented the low dose of β-pro (0.02%) was comparable to those of rabbits received either the basal diet or the diet supplemented the high dose of β-pro (0.04%), with no significant differences among them. However, dietary supplementation with β-pro had no significant effect (P>0.05) on final LBW, FCR, PER, EEU or EEF of rabbits during the entire experimental period ( Table 2) .
The improved BWG of rabbits fed the 0.04% β-pro-supplemented diet harmonize with the observation of Ren et al. (2016) that dietary supplementation with probiotic (Bacillus coagulans) increased daily weight gain of rabbits by 20% for the period from 5 to 13 weeks of age. The current finding is in harmony also with the result of Bhatt et al. (2017) , who found that rabbits given probiotic(Lactobacillus acidophilus)-enriched drinking water displayed significantly better daily weight gain compared with the control group. The positive effects of supplemental probiotics on growth rate of rabbits have also been reported by El-Deek et al. (2013) , Amber et al. (2014) , Chandra et al. (2014) , Lam Phuoc and Jamikorn (2017) and Sherif (2018) . On the contrary, other authors found no positive effect of probiotics on growth performance of rabbits (Matusevicius et al., 2006; Kimse et al., 2008; Rabie et al., 2011; Fathi et al., 2017) . Some studies have indicated a negative growth response due to dietary supplementation of probiotics (El-Katcha et al., 2011; Oso et al., 2013) .
According to the literature, the improved growth performance of rabbits due to dietary supplementation with probiotics are suggested to be attributed their beneficial effects on intestinal microbial balance, cecal fermentation, nutrient digestibility and/or immune functions (Ewuola et al., 2011; Gogineni et al., 2013; Lam Phuoc and Jamikorn, 2017) . But the negative response of rabbits to probiotics is perhaps due to a depression in nutrient digestibility, as suggested by some authors. However, the lack of rabbit responsiveness to supplemental probiotics might be related to some factors such as rabbit age and health status of its gastrointestinal tract, the probiotic type, composition and dose, and diet composition. On the other hand, exogenous feed enzymes have been reported to improve growth performance (Onu and Oboke, 2010; Abaza and Omara, 2011; Attia et al., 2012) . Other investigators found that performance of fattening rabbits was not affected by dietary enzyme supplementation (Garcia-Ruiz et al., 2006; El-Sagheer and Hassanein, 2014) .
The effect of interaction between weaning age and dietary β-pro supplementation was not significant (P>0.05) for all growth performance criteria, except for total feed intake which was significant (P≤0.01).
Carcass traits of rabbits:
The effects of weaning age and dietary supplementation with β-pro for eight weeks are presented in Table 3 .
Effect of weaning age:
It was observed that weaning age did not significantly (P>0.05) affect the relative weights of carcass yield, liver, kidneys, heart, giblets, total edible parts and perirenal fat, independently from the effect of dietary supplementation with β-pro. : Refer to percentages of carcass yield, liver, kidneys, heart, giblets, total edible parts and perirenal fat (relative to LBW at slaughter), respectively.
The insignificant differences in carcass characteristics between the two weaning age might be related to their similarity in slaughter weights. In this regard, Trocino et al. (2004) clarified that rabbits of similar body weights are not expected to differ in their carcass traits. The present findings harmonize with those of Zita et al. (2007) that weaning age did not affect carcass characteristics in Hyplus® rabbits. Similarly, Gabr et al. (2017) found that dressing percentage of 10-week-old rabbits was not affected by weaning age; 53.33 vs. 54.13% for rabbits weaned at 21 and 27 days old, respectively. In disagreement with the present results, Bivolarski et al. (2011) found that dressing percentage in early-weaned rabbits was significantly lower than that of normally-weaned ones. However, Zita et al. (2012) found that rabbits weaned at 21 days of age achieved significantly higher hot and chilled carcass weights, higher relative liver weight and insignificantly higher dressing-out percentage than those of rabbits weaned at 35 days of age, while the latter exhibited a higher drip loss percentage than did the former. Similarly, Mahunguane et al. (2016) reported that when California white and New Zealand white rabbits were weaned at 4 weeks of age they displayed better carcass quality for both the first (loin and hind legs) and the second retail cuts (thoracic cage) than those weaned at 8 weeks of age but with the Chinchilla rabbits the reverse was true.
Effect of dietary β-pro supplementation:
Apart from the effect of weaning age, dietary β-pro supplementation did not significantly affect (P>0.05) carcass characteristics of rabbits, examined herein (Table 3) .
These findings agree with those of Sherif (2018) , who observed no positive effect of added dietary β-pro on carcass traits of New Zealand White rabbits. In addition, El-Sagheer and Hassanein (2014) found that dietary supplementation with Veta-zyme (a mixture of enzymes and a probiotic) had no effect on carcass criteria. Similarly, Bhatt et al. (2017) reported that added dietary probiotics had no significant effect on carcass traits of growing Chinchilla rabbits. Also, Rabie et al. (2011) observed no effect of supplemental dietary probiotic on carcass traits of rabbits. Additionally, El-Katcha et al. (2011) demonstrated that added dietary probiotics has no adverse effect on rabbit dressing percentage or relative weights of internal organs. Moreover, El-Deek et al. (2013) reported that relative weights of carcass traits and internal organs of rabbits were not affected by the dietary supplementation with probiotic.
As regards the response of fattening rabbits to dietary supplementation with enzymes, Abaza and Omara (2011) indicated that rabbits fed diets fortified with enzymes had comparable carcass and dressing percentages to those of rabbits fed on the basal diet. Also, Aguda and Omage (2014) demonstrated that dietary supplementation with enzymes did not alter most carcass characteristics of rabbits. Amber (2007) reported that rabbits fed diets fortified with enzymes exhibited higher and lower percentages of carcass and abdominal fat, respectively; but meat composition did not alter, compared with the control group. On the other hand, Abdel-Aziz et al. (2015) evaluated the effect of added dietary Lactobacillus acidophilus (probiotic), exogenous enzymes or their combination on carcass traits of rabbits and found that dressing percentage of rabbits fed the probioticor probiotic plus enzymes-supplemented diets was significantly higher than that of the control rabbits. The positive effects of probiotics on carcass traits were also observed by on carcass traits were also observed by Ewuola et al. (2011 ), Abdel-Khalek et al. (2012 and Fathi et al. (2017) . The effect of interaction between weaning age and dietary β-pro supplementation was not significant (P>0.05) for all carcass traits measured in this study (Table 3) .
CONCLUSION
Based on the present results, delaying weaning of rabbits to 5 weeks old along with addition of 0.04% β-pro to their diets are suggested to achieve better growth performance, with no adverse effects on carcass traits.
